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@ Resin compositions. 



@ A resin composition being improved in impact resistance comprises a potymer having a carboxylic acid 
radical in a polymer chain and, in mixture therewith, a bislactam compound expressed by the following general 
formula (A): 
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(in which R represents a bivalent organic radical; a hydrogen atom may be substituted by an aikyl or aryl 
radical: n is an integer of 2 - 8.) 
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© Resin compositions. 
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Resin Compositions 



(Field of Industrial Application) 

5 This invention relates to resin compositions having improved impact resistance and, more particularly, 
to resin compositions incorporating an additive which is less liable to property deterioration due to thermal 
history and which can provide flexibility and upgrade the degree of polymerization of the matnx polymer. 



io (Prior Art and its Problems) 



Among polymers of the type which has a carboxylic acid radical in a polymer chain there are many 
useful polymers represented by polyester, polyamide-, and vinyl-based unsaturated carboxylic acid 

is copolymers. More particularly, heat-resistant polyesters and polyamides have recently been largely used as 
engineering plastics. Since these heat resistant resins have high melting points, the process of producing or 
molding such resin is carried out at especially high temperatures, and naturally in such high-temperature 
atmosphere there will concurrently occur thermal decomposition reaction. In order to improve enginerring 
olastics in various properties required of them, including mechanical properties, such as impact resistance, 

20 in particular, it is extremely important to upgrade the degree of polymerization of their constituent polymers, 
or not to lower such degree. 

To this end there have been made various attempts for improvement. For example, in order to upgrade 
the initial polymerization degree for the polymer itself assuming that the polymer is subject to some degree 
of thermal decomposition, it is known to employ the ester interchange technique, or to use an activated 

25 pofycondensation agent. However, these approaches require that a compound which serves for ester 
exchange or activation is distilled away from the system, for which purpose the apparatus must be brought 
under reduced pressure. This naturally results in increased cost of production. Further, such approach is not 
so convenient 

It is also known to add various stabilizers to prevent possible downward changes in polymerization 
jo degree due to thermal history and any resulting deterioration in mechanical properties. Such approach is 
widely employed because it is simple and provides some improvements. However, such approach has 
limitations in that it cannot provide any fong-term stability; therefore, such attempt has not been successful 
in providing materials having long-term performance reliability. 

Further, crystalline polymers represented by polyesters and polyamides are hard per se and not flexible 
35 enough. In addition, they are liable to become even less flexible due to thermal history. Attempts have been 
made to overcome such difficulty by aading various different types of elastomers and plasticizers. but the 
trouble is that such material does not provide any good interfacrai contact with the polymer, which fact often 
leads to interfacial separation, property deterioration, and/or bleeding as a cause of surface deterioration. 
Another problem is that such admixture does not serve to prevent possible quality deterioration of the 
40 matrix polymer; therefore it does not provide any substantial improvement 



(Means for Solving the Problems) 

45 

In view of the above mentioned difficulties, the present inventors made a series of studies directed for 
development of a simple compounding technique effective for preventing possible property deterioration of 
polymers due to thermal history, stabilizing their mechanical properties on a long-term basis, and also 
providing them with improved impact resistance, and as a result they found that certain compounds could 
so exhibit excellent performance for provision of the desired improvements. This led to the present invention. 

This invention is based on a stmple technique such that a low molecular weight compound, such as a 
' bisiactam compound, is compounded with a polymer having a carboxylic acid radical. It is very useful and 
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In view of the above mentioned difficulties, the present inventors made a series of studies directed for 
development of a simple compounding technique effective for preventing possible property detenoration of 
polymers due to thermai history, stabilizing their mechanical properties on a long-term basis, and also 
providing them with improved impact resistance, and as a result they found that certain compounds could 
so exhibit excellent performance for provision of the desired improvements. This led to the present invention. 

This invention is based on a simple technique such that a low molecular weight compound, such as a 
* bislactam compound, is compounded with a polymer having a carboxylic acid radical. It is very useful and 
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very surprising indeed to soive aforesaid problems by such simple approach. 

This invention provides a resin composition having improved impact resistance, comprising a pciymer 
having a carboxyiic acid radical in a polymer chain and, in mixture therewith, a bisiactam compound 
expressed by the following general formula (A): 

o 

I! 

<H 3 r5nl-R-N "(CH,)* <A > 




For the polymer having a carboxyiic acid radical in a polymer chain, the following are exemplified as such: 
polymers produced by condensation polymerization of^comppunds having a carboxyiic acid in a monomer, 

75 nameiy, condensation polymers, such as polyesters, ^poiyamide^ polyamtde ac;d, poiyimides, and polyester 
amides; polymers produced by additive poIymerizaBoTin^rurisaturated pofymerizabte compounds having 
carboxyiic acids, namely, monopolymers, such as polyacryiic acid and polymetacrylic acid: ccoolymers of 
unsaturated carooxyiic acids, such as acryiic. methacrylic, maieic, fumaric, and itaconic acids, with ethylene 
and/or o-oiefin; and polymers having an unsaturated carboxyiic acid modifledly added to a polymer chain 

20 terminal and/or a polymer chain. 

The carboxyiic acid radical may be contained in the form of a carboxyiic acid precursor like such 
compound as acid anhydride, ester, amide, imide, lactone, or lactam. Of these polymers, highry rigid 
polymers are advantageously used in the practice of the invention; preferably condensation polymers, more 
preferably saturated polymers, are used. Any saturated polyester is preferably such that more than 80 mol 

25 % of its dicarboxyiic acid constituent is an aromatic dicarboxyfic add. For such saturated polyester, 
aromatic polyester and/or poiyalkylene tBrephthalate are preferred, and an afkyiene terephthaJate polymer 
having 2 - 4 carbon atoms is especially preferred. More particularly, a tetramethylene terephthalate having 4 
carbon atoms is less resistant to fracture transmitted by any fine crack at a moment of impact, as compared 
with a polyethylene terephthalate having 2 carbon atoms; in other words, it has greater notch sensitivity. 

30 Therefore, it exhibits an exceedingly great modification effect for the purpose of the invention wherein a 
bisiactam compound is used for incorporation as an ingredient. 

Examples of monomers used in these condensation polymers are potybasic aliphatic and aromatic 
acids, such as terephthalic acid, isophthalic acid, naphthalene dicarboxylfc acid, adipic acid, sebacic acid, 
trimellitic acid, and succinic acid, or their ester-forming derivatives; and aromatic hydroxy carboxyiic acids, 

25 such as hydroxy benzoic acid and hydroxy naphthoic acid, or their ester-forming derivatives. 

Condensation monomers corresponding to these carboxyiic acids, are, as well known, compounds such 
as alcohols, amines, and thiols. Of these compounds, preferred aicohoi compounds useful for saturated 
polyesters are exemplified as follows: glycols, such as ethylene giycof, 1, 3-propane diol, 1, 4-butadiene 
dioi, 1, 4-butene diol, 1, 6-hexane diol, 1, 8-octane diol, 3-m ethyl- 1 ,5-pentane diol, 3, 3'-dimethyi-1, 3- 

40 propane diol, 1, 4-dimethyfol cyclohexane, and tricyclodecane dimethyfol; poiyalkylene glycols, such as 
polyethylene glycol, polypropylene glycol, polybutylene glycol, and polyethytene^propylene glycols; poiyox- 
yalkylene glycols, such as polyethylene oxide glycol and polybutylene oxide glycol; aromatic alcohols, such 
as bisphenol-A. bisphenol-S, 4, 4'-dt hydroxy bisphenyl, hydroquincne, and dihydroxy naphthalene, and 
halogen compounds thereof, also ethylene oxides of such aromatic alcohols; diol, 1, 4-dimethylol cyciohex- 

45 ane, and tricyclodecane dimethylol; poiyalkylene glycols, such as polyethylene glycol, polypropylene glycol, 
polybutylene glycol, and poly ethylene/propylene glycols; polyoxyalkylene giycols, such as polyehtylene 
oxide glycol and polybutylene oxide glycol; aromatic alcohols, such as bisphenol-A, bisphenol-S, 4, 4'- 
dihydroxy biphenyl, hydroquinone, and dihydroxy naphthalene, and halogen compounds thereof, also 
ethylene oxides of such aromatic alcohols; and polyhydroxy compounds, such as propylene oxide adduct, 

so glycerine, and pentaerythritol, and their ester-forming derivatives; Such alcohol ingredients may be used in 
one kind alone, or in a combination of two or more kinds. 

The bisiactam compound used in the practice of the invention is expressed by the following general 
formula (A): 

35 
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very surprising indeed to solve aforesaid problems by such simple approach. 

This invention provides a resin composition having improved impact resistance, comprising a polymer 
having a carboxyfic acid radical in a polymer chain and in mixture therewith, a bisiactam compound 
expressed by the following general formula (A): 

o o 
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For the polymer having a carboxyfic acid radical in a polymer chain, the following are exemplified as such: 
polymers produced by condensation polymerization of compounds having a carboxyfic ac'd in a monomer, 

75 namely, condensation polymers, such as polyesters, pclyamides, poiyamide acid, polyimides, and polyester 
amices; polymers produced by additive polymerization of unsaturated pofymerizable compounds having 
carboxylic acids, namely, mo nopolyrners, such as poiyacrylic acid and polymetacrylic acid; copolymers of 
unsaturated carboxylic acics, such as acrylic, methacryiic, maleic, fumaric, and itaconic acids, with ethylene 
and/or arolefin; and polymers having an unsaturated carboxylic acid modffiedly added to a polymer chain 

20 terminal andyor a polymer chain. 

The carboxylic acid racical may be contained in the form of a carboxylic acid precursor like such 
compound as acid anhydride, ester, amide, imide. lactone, or lactam. Of these polymers, highfy rigid 
poiymers are advantageously used in the practice of the invention; preferably condensation polymers, more 
preferably saturated polymers, are used. Any saturated polyester is preferably such that more than 80 moi 

25 % of its dicarboxylic acid constituent is an aromatic dicarboxylic acid. For such saturated polyester, 
aromatic polyester and/or poiyaikyiene terephthaiate are preferred, and an aikyiene terephthaiate polymer 
having 2 - 4 carbon atoms is especiaJly preferred. More particularly, a tetrarnethylene terephthaiate having 4 
carbon atoms is less resistant to fracture transmitted by any fine crack at a moment of impact, as compared 
with a polyethylene terephthaiate having 2 carbon atoms; in other words, it has greater notch sensitivity. 

30 Therefore, it exhibits an exceedingly great modification effect for the purpose of the invention wherein a 
bisiactam compound is used for incorporation as an ingredient. 

Examples of monomers used in these condensation polymers are potybasic aliphatic and aromatic 
acids, such as terephthaiic acid, isophthaJic acid, naphthalene dicarboxylic acid, adipic acid, sebacic acid, 
trimellitic acid, and succinic acid, or their ester-forming derivatives; and aromatic hydroxy carboxylic acids, 

35 such as hydroxy benzoic acid and hydroxy naphthoic acid, or their ester-forming derivatives. 

Condensation monomers corresponding to these carboxylic acids, are, as well known, compounds such 
as alcohols, amines, and thiols. Of these compounds, preferred alcohol compounds useful for saturated 
polyesters are exemplified as follows: glycols, such as ethylene glycol, 1, 3-propane diol, 1, 4-butadiene 
dioi, 1, 4-butene diol, 1, 6-hexane diol. 1, 8-octane diol, 3-methyM ,5-pentane diol. 3, 3'-dimethyf-1, 3- 

40 propane dioi, 1, 4-dimethyiol cyclohexane, and tricyclodecane dimethyloi; poiyalkyfene glycols, such as 
polyethylene glycol, polypropylene glycol, polybutyiene glycol, and polyethylene/propylene glycols; polyox- 
yalkyiene glycols, such as polyethylene oxide glycol and polybutyiene oxide glycol; aromatic alcohols, such 
as bisphenol-A. bisphenol-S, 4, 4'-di hydroxy bisphenyl, hydroquinone, and dihydroxy naphthalene, and 
halogen compounds thereof, also ethylene oxides of such aromatic aicohols; diol, 1, 4-dimethylol cyclohex- 

4s ane, and tricyclodecane dimethytol; poiyaikyiene glycols, such as polyethylene glycol, polypropylene glycol, 
polybutyiene glycol, and polyethylenevpropyiene glycols; polyoxyalkylene glycols, such as polyehtylene 
oxide glycol and polybutyiene oxide glycol; aromatic alcohols, such as bisphenol-A, bisphenol-S, 4, 4'- 
dihydroxy biphenyl, hydroquinone, and dihydroxy naphthalene, and halogen compounds thereof, aJso 
ethylene oxides of such aromatic alcohols; and polyhydroxy compounds, such as propylene oxide adduct 

so glycerine, and pentaerythritoi, and their ester-forming derivatives; Such alcohol ingredients may be used in 
one <ind alone, or in a combination of two or more kinds. 

The bisiactam compound used in the practice of the invention is expressed by the following general 
formula (A): 
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(in which R represents a bivalent organic radical; a hydrogen atom may be substituted by an aikyl or aryl 
radical: n is an integer of 2 - 8.) 
;o For R t a compound expressed by the following formula (B). or (C) is preferred. 
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20 

(in which Ri, R2. each represents an organic radical.) 

For such compound, one in which Ri or 9,2 is an organic radical containing at least one aromatic nng is 
preferred. 

Formula (9) represents a dicarboxylic acid residue. Typical examples are terephthatic acid, isophthalic 
25 acid, naphthalene dicarboxylic acid, adipic acid, sebasic acid, trimellitic acid, and succinic acid. Of these, 
terephthaiic acid, isophthalic acid, and naphthalene dicarboxylic acid are preferred. These compounds can 
be prepared in the corresponding usual ways. For example, one simple way is that their respective acid 
chloride compounds are reacted with lactams. 

Formula (C) represents a urea bond, which can be introduced in various ways. One simple way is that 
30 isocyanate is caused to react with lactams. For this purpose, any conventional diisocyanate can be used. 
Concrete examples of such bond are toluene diisocyanate, methylene diphenyl diisocyanate, xylene 
diisocyanate, naphthyfene diisocyanate. 3, 3'-dimethyl phenyl-4, 4'-diisocyanate, isophorone diisocyanate, 
hydrogenated methylene biphenyl diisocyanate, hydrogenated toluene diisocyanate, lysin diisocyanate, and 
bis(2-isocyanate ethyl) fumarate. 
35 Of these, methylene diphenyl diisocyanate, xylene diisocyanate, isophorone diisocyanate. and hex- 
amethylene diisocyanate. 

For useful lactams, those having 2 - 8 methylens are preferred, and more specifically those having 3 - 5 
methylens, such as pyrrolidone, piperidone, and caprolactam. are especially preferred. 

The bislactam expressed by the formula (A), its pre-compounding state, contains an adduct produced 
40 by reaction with a reactive compound having an active hydrogen, such as carboxylic acid, alcohol, and thiol, 
and can be prepared by causing a bislactam compound with a compound having at least two or more active 
hydrogen groups. In this way, a low molecular weight compound can be turned out into a high molecular 
weight compound in the form of a terminal lactam type adduct Such bislactam compound may be 
compounded with the polymer in any suitable proportion according to the intended purpose. A usual range 
45 of proportions of such compound is 0.01 - 200 parts by weight, preferably 0.1 - 100 parts by weight, per 
100 parts by weight of the polymer having a carboxylic acid radical. 

The resin compositions according to the invention may incorporate various kinds of additives known to 
skilled persons in the art, according to the intended purpose. 

Examples of such additives are stabilizers, such as antioxidants and ultraviolet absorbers, antistatic 
50 agents, flame retardants, flame retarding auxiliaries, colorants, such as dyes and pigments, and lubncants, 
lubncating agents, crystallization accelerators (nucleating agents), and inorganic materials for provision of 
improved flowability and releasability. 

Examples of useful inorganic materials are ordinary-type inorganic fibers, such as glass fibers, carbon 
fiber, metallic fiber, ceramic fiber, boron fiber, potassium titanate fiber, and asbestos, powdery and granular 
55 materials, such as calcium carbonate, highly dispersible silicate, alumina, aluminum hydroxide, talc, clay, 
mica, antimony trioxide, halogenated antimony, magnesium hydroxide, glass flakes, glass powder, glass 
beads, quartz powder, silica sand, woilustonite, various kinds of metallic powders, carbon black, barium 
sulfate, plaster of Pan's, silicon carbide, alumina, boron nitnde, and silicon nitride, lamellar inorganic 
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(Ha^vJI-R-H (CH a ) n . 

(in which R represents a bivalent organic radical; a hydrogen atom may be substituted by an alky) or aryl 
radical; n is an integer of 2 - 8.) 

For R, a compound expressed by the following formuia (B). or (C) is preferred. 

R:-C-R ,-c- 

H II <B) 

0 0 

R : -C-fiH-R a -NHC- (c) 
II II 
0 0 



(in which Ri. R2, each represents an organic radical.) 

For such compound, :ne in which Ri or R 2 is an organic radicai containing at least one aromatic ring is 
preferred. 

Fcrmula (B) represents a dicarboxylic acid residue. Typical examples are terephthalic acid, isophthaiic 
25 acid, naphthalene dicarboxylic acid, adipic acid, sebasic acid, trimeilitic acid, and succinic acid. Of these, 
terephthalic acid, isophthaiic acid, and naphthalene dicarboxylic acid are preferred. These compounds can 
be prepared in the corresponding usual ways. For example, one simple way is that their respective acid 
chloride compounds are reacted with lactams. 

Formula (C) represents a urea bond, which can be introduced in various ways. One simple way is that 
00 isocyanate is caused to react with lactams. For this purpose, any conventional diisocyanate can be used. 
Concrete examples of such bond are toluene diisocyanate, methylene diphenyl diisocyanate. xylene 
diisocyanate, naphthyiene diisocyanate, 3. 3'-dimethyl phenyl-4, 4'-diisocyanate, isophorone diisocyanate, 
lydrogenated methylene bi phenyl diisocyanate, hydrogenated toluene diisocyanate, lysin diisocyanate, and 
bis(2-isocyanate ethyl) fumarate. 
35 Of these, methylene diphenyi diisocyanate, xylene diisocyanate, isophorone diisocyanate. and hex- 
amethylene diisocyanate. 

For useful lactams, those having 2 - 8 methylens are preferred, and more specifically those having 3 - 5 
methylens, such as pyrrolidone, piperidone. and caprolactam, are especially preferred. 

The bislactam expressed by the formula (A), its pre-compounding state, contains an adduct produced 
40 by reaction with a reactive compound having an active hydrogen, such as carboxylic acid, alcohol, and thiol, 
and can be prepared by causing a bisiactam compound with a compound having at least two or more active 
hydrogen groups, in this way, a low molecular weight compound can be turned out into a high moiecuiar 
weight compound in the form of a terminal lactam type adduct. Such bislactam compound may be 
compounded with the pciymer in any suitable proportion according to the intended purpose. A usual range 
45 of proportions of such compound is 0.01 - 200 parts by weight, preferably 0.1 - 100 parts by weight per 
100 parts by weight of the polymer having a carboxylic acid radical. 

The resin compositions according to the invention may incorporate various kinds of additives known to 
skilled persons in the art, according to the intended purpose. 

Examples of such additives are stabilizers, such as antioxidants and ultraviolet absorbers, antistatic 
50 agents, flame retardants, flame retarding auxiliaries, colorants, such as dyes and pigments, and lubncants. 
lubncating agents, crystallization accelerators (nucleating agents), and inorganic materials for provision of 
improved flowability and releasability. 

Examples of useful inorganic materials are ordinary-type inorganic fibers, such as glass fibers, carbon 
fiber, metallic fiber, ceramic fiber, boron fiber, potassium titanate fiber, and asbestos, powdery and granuiar 
55 materials, such as calcium carbonate, highly dispersible silicate, alumina, aluminum hydroxide, talc. clay, 
mica, antimony trioxide, haiogenated antimony, magnesium hydroxide, glass flakes, glass powder, glass 
beads, quartz powder, silica sand, wollustonite, various kinds of metallic powders, carbon black, barium 
suifate. plaster of Paris, silicon carbide, alumina, boron nitnde. and silicon nitride, lamellar inorganic 
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compounds, and whiskers. These inorganic fillers may be used in one tend aicne or in a combination of two 
or more kinds. 

Further, in order to provide improved melt-extruston ccatabiltty, lubricating properties, flexibility, etc.. 
one or more kinds of organic polymeric materials may be used for mixture or copolymerization. Examples 

5 of such materials are other skeletai polyesters, polyamides, carboxyiic acid-modified olefins, and their 
copolymers: poiyoleftns and pciyacrylates, such as polyethylene, polypropylene, and poiybutene; modified 
poiyolefins, such as ASS and the like; engineering plastics, such as polycarbonate, poiyphenylene oxide, 
poJyphenylene sulfide, and fluoropiastics; and rubber-like elastic polymers, such as polyurethane. butyl 
rubber, ethylenepropylene rubber, and various kinds of elastomers. 

70 The bislactam compound can be incorporated in the stage of polymer polymerization, or in the stage of 
pellet preparation employing an extruding machine, or in the stage of poJymer molding employing an 
extruding, injection molding, or compression molding machine. Especially in the stage of extruding or 
molding operation employing the extruding or molding machine such compound can be most efficiently 
incorporated, since good blend effect can be obtained by a mixing and agitating operation for a short length 

is of time, e.g., less than 10 minutes. In this case, a more than 10 minutes-long mixing and agitating operation 
may cause a trouble of coloration due to the decomposition of the bislactam depending upon the type of 
the resin. The bislactam compound may be incorporated by being compounded with the polymer in the 
stage of poiymer melting, or by being compounded with a powder-form or pellet-form polymer prior to 
polymer melting. It is aiso possible to coat the bislactam compound on the surface of the poiymer by using 

20 a solvent. When such coating is made, it is desirable to heat the composite to at least 10O°C or more. In 
order to further accelerate the effect of compounding, it is effective to add an accelerater, such as class-4 
phosphtnic salt. 

25 (Advantages of the Invention) 

The resin compositions according to the inventions have the following advantages: 

(1) Incorporation of a very small amount of the bislactam compound can provide improved impact 
30 resistance. Since no such large-amount addition as is seen in the case of elastomer loac ng is involved, the 

rigidity of the matrix resin Is not affected in any unfavorable way. 

(2) Possible deterioration due to thermaJ history in tensile elongation and impact resistance can be 
prevented. Since the resin compositions have excellent long-term stability characteristics, they can be 
advantageously used under heating conditions at locations adjacent a source of heat. 

js (3) An initial degree of polymerization for the poiymer need not be previously upgraded. Therefore, 

good moldability can be provided without melt-stage flowability being affected in any way. 

(4) The bislactam compound may be incorporated at any stage, that is, at the polymerization stage 
for the polymer, or at the stage of molding. Good improvement effect can be obtained only by the 
compound being mixed with the poiymer under melt, and thus resin compositions having excellent 

±q performance charactenstics can be easily produced. 

(Examples) 

46 

The invention will be explained in further detail by giving the following examples. It is understood, 
however, that the invention is not limited by these examples. 



so Examples 1 and 2 



1 .5 parts by weight of isophthaloyi biscaprolactam was mixed in powder form with 98.5 parts by weight 
of polybutylene terephthaiate (PBT) or 98.5 parts by weight of polyethylene terephthaiate (PET), whichever 
55 may be the cases, and the mixrure was melt-corn pounded in an extruder so that a mean detention bme in 
the extruder was 3 minutes. Thus, ijSelletsjwere obtained. By employing an injection molding machine, test 
pieces were prepared from the pwtets in the jsuaJ way. i~he test pieces were evaJuated as to their 
properties. 
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compounds, and whiskers. These inorganic fillers may be used in one kind alone or in a combination of two 
or more kinds. 

Further, in order to provide imcroved melt-extrusion coatability. lubricating properties, flexibility, etc., 
one or more kinds of organic polymeric materials may be used for mixture or copolymerization. Examples 

5 of such materials are other skefetai polyesters, polyamides. carboxvirc acid-modified olefins, and their 
copolymers; pofyoiefins and polyacryiates, such as polyethylene, polypropylene, and polybutene; modified 
polyolefins, such as ABS and the like; engineering plastics, such as polycarbonate, polyphenylene oxide, 
polyphenyiene sulfide, and fluoroplastics; and rubber-like elastic poiymers. such as polyurethane, butyl 
rubber, ethyienepropylene rubber, and various kinds of elastomers. 

;o The bislactam compound can be incorporated in the stage of polymer polymerization, or in the stage of 
pellet preparation employing an extruding machine, or in the stage of polymer molding employing an 
extruding, injection molding, or compression molding machine. Especially in the stage of extruding or 
molding operation employing the extruding or molding machine such compound can be most efficiently 
incorporated, since good blend effect can be obtained by a mixing and agitating operation for a short length 

is of time, e.g., less than 10 minutes. In this case, a more than 10 minutes-long mixing and agitating operation 
may cause a trouble of coloration due to the decomposition of the bislactam depending upon the type of 
the resin. The bislactam compound may be incorporated by being compounded with the polymer in the 
stage of polymer melting, or by being compounded with a powder-form or pellet-form polymer orior to 
polymer melting. It is also possible to coat the bislactam compound on the surface of the polymer by using 

20 a solvent. When such coating is made, it is desirable to heal the composite to at least 100°C or more. In 
orcer to further accelerate the effect of compounding, it is effective to add an accelerates such as class-4 
phosphtnic salt. 

25 (Advantages of the Invention) 

The resin compositions according to the inventions have the following advantages: 

(1) Incorporation of a very small amount of the bislactam compound can provide improved impact 
30 resistance. Since no such large-amount addition as is seen in the case of elastomer loac ng is invofved, the 

rigidity of the matrix resin is not affected in any unfavorable way. 

(2) Possible deterioration due to thermal history in tensile elongation and impact resistance can be 
prevented. Since the resin compositions have excellent long-term stability characteristics, they can be 
advantageously used under heating conditions at locations adjacent a source of heat. 

35 (3) An initial degree of polymerization for the polymer need not be previously upgraded. Therefore, 

good moldability can be provided without melt-stage flowabiiity being affected in any way. 

(4) The bislactam compound may be incorporated at any stage, that is, at the polymerization stage 
for the polymer, or at the stage of molding. Good improvement effect can be obtained only by the 
compound being mixed with the polymer under melt, and thus resfn compositions having excellent 

40 performance characteristics can be easily produced. 

(Examples) 

45 

The invention wiil be explained in further detail by giving the following examples. It is understood, 
however, that the invention is not limited by these examples. 



so Examples 1 and 2 



1 .5 parts by weight of isophthaloyi biscaprolactam was mixed in powder form with 98.5 parts by weight 
of polybutylene terephthalate (PBT) or 98.5 parts by weight of polyethylene terephthalate (PET), whichever 
55 may be the cases, and the mixture was melt-compounded in an extruder so that a mean detention time in 
the extruder was 3 minutes. Thus, pellets were obtained. By employing an injection molding machine, test 
pieces were prepared from the pellets in the usual way. The test pieces were evaJuated as to their 
properties. 
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Property evaluations were made in the following manner. For tensile strength and tensiie elongation, 
measurements were made according to ASTM D a38, and for izcd impact strength, measurements were 
made according to ASTM 0 256. Aiso. the moldings were examined in respect of coloration degree. The 
results are shown in Table 1. After similar test pieces were treated in a constant temperature bath at 150°C 
5 for 500 hours, similar series of property measurements were made again. The results are shown m Table 1 - 

i 

Examples 3 - 5 

70 

In same way as in Example 1, test specimens were prepared from an aromatic polyester (PAR) 
consisting of terephthalic acid, isophthalic acid, and bisphenol A, a liquid crystalline polyester (LCP) 
consisting of hydroxy benzoic acid and hydroxy naphthoic acid, and a nyion 66 consisting of adipic acid 
and hexamethylene diamine, respectively. The test pieces were evaluated as to their properties. The results 
rs are shown in Table 1. 



Comparative Examples 1 - 5 

20 

Test pieces prepared frcm the respective polymers used in Examples 1 - 5 and without compounding 
the isophthaloyl biscaproiactam were evaluated as to their properties in same manner as in Example 1. The 
results are shown in Table 1. 

25 

Examples 6-10 

Test pieces prepared with individual compositions shown in Table 2 were evaluated as to their * 
30 properties in same manner as in Example 1. However, it is to be noted that pellets were prepared by melt 
compounding in such a way that a mean detention time in the extruder was 8 minutes. 



Comparative Examples 6 and 7 

Polybutylene terephthaiate and polyethylene terephthaiate were respectively evaluated as to their 
properties in same manner as in Examples 6-10. The results are shown in Table 2. 
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Property evaluations were made in the following manner. For tensile strength and tensile elongation, 
measurements were made according to ASTM D 638, and for izod impact strength, measurements were 
made according to ASTM D 256. Also, the moldings were examined in respect of coloration degree. The 
results are shown in Table 1. After similar test pieces were treated in a constant temperature bath at 150°C 
5 for 500 hours, similar series of property measurements were made again. The results are shown m Table 1. 

i 

Examples 3 - 5 

w 

In same way as in Example 1, test specimens were prepared from an aromatic polyester (PAR) 
consisting of terephthalic acid, isophthalic acid, and bisphenoi A, a liquid crystalline polyester (LCP) 
consisting of hydroxy benzoic acid and hydroxy naphthoic acid, and a nylon 66 consisting of adipic acid 
and hexamethyiene diamine, respectively. The test pieces were evaluated as to their properties. The results 
T5 are shown in Tabie 1. 



Comparative Examples 1 - 5 

20 

Test pieces prepared from the respective polymers used in Examples 1 - 5 and without compounding 
the isophthaloyl biscaprolactam were evaluated as to their properties in same manner as in Example 1. The 
results are shown in Table 1. 

25 

Examples 6-10 

Test pieces prepared with individual compositions shown in Table 2 were evaluated as to their * 
30 properties in same manner as in Example 1. However, it is to be noted that pellets were prepared by melt 
compounding in such a way that a mean detention time in the extruder was 8 minutes. 



Comparative Examples 6 and 7 

Polybutyiene terephthaiate and polyethylene terephthalate were respectively evaluated as to their 
properties in same manner as in Examples 6-10. The results are shown ;n Table 2. 
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Claims 

1. A resin composition having improved impact resistance, comprising a polymer having a carbcxylic 
acid radical in a polymer chain and, in mixture therewith, a bislactam compound expressed by the following 
general formula (A): 

o o 
ii • n 

(■H,C)» N-R-N (CH,)n 



(in which R represents a bivalent organic radicai; a hydrogen atom may be substituted by an alkyi or aryl 
radical; n is an integer of 2 - 8.) 

2. A resin composition as set forth in Claim 1 wherein the amount of the bislactam compound is 0.01 - 
20 200 parts by weight per 100 parts by weight of the polymer. 

3. A resin composition as set forth in Claim 1 wherein the polymer having a carboxylic acid radical in a 
polymer chain is polyester, polyamide, a polyamide acid, polyimide, or polyester amide. 

4. A resin composition as set forth in Claim 1 wherein the polymer having a carboxylic acid radicaj in a 
polymer chain is a saturated polyester. 

25 5. A resin composition as set forth in Claim 4 wherein the saturated polyester is such that more than SO 
moi % of its dtcarboxylic acid constituents is aromatic dic3rboxylic acid. 

6. A resin composition as eat forth in Claim 4 wherein the saturated polyester is an aromatic polyester 
and/'or polyalkyiene terephthaiate. 

7. A resin composition as set forth in Claim 4 wherein the saturated polyester is an aikylene 
30 terephthaiate polymer having 2 or 4 carbon atoms. 

8. A resin composition as set forth in Claim 4 wherein the saturated polyester is a tetramethylene ■ 
terephthaiate having 4 carbon atoms. 

9. A resin composition as set forth in Claim 1 wherein R in the formula (A) ^presents a compound 
expressed by the following general formula (B) or (C): 

36 

R:-C-Ri-C- (B) 

II I! 
Q 0 

R:-C-iNH-R,-f<HC- (O 
II II 
0 0" 

45 (in which Rt, R2, each represents an organic radical.) 

10. A resin composition as set forth in Claim 9 wherein Ri or R2 in the formula (B) or (C), as the case 
may be. is an organic radicai containing at least one aromatic ring. 

50 
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Claims 

1. A resin composition having improved impact resistance, comprising a polymer having a carboxylic 
acid radical in a polymer chain and, in mixture therewith, a bislactam compound expressed by the following 
general formula (A): 

o o 
n ii 

CH a C)n N-R-N (CH,)« 



(in which R represents a bivalent organic radical; a hydrogen aiom may be substituted by an alkyl or aryl 
radical; n is an integer of 2 - 8.) 

2. A resin composition as set forth in Claim 1 wherein the amount of the bislactam compound is 0.01 - 
20 200 parts by weight per 1 00 parts by weight of the polymer. 

3. A resin composition as set forth in Claim 1 wherein the polymer having a carboxylic acid radical in a 
polymer chain is polyester, poiyamide, a polyamide acid, pofyimide, or polyester amide. 

4. A resin composition as set forth in Claim 1 wherein the polymer having a carboxylic acid radical in a 
polymer chain is a saturated polyester. 

25 5. A resin composition as set forth in Claim 4 wherein the saturated polyester is such that more than 80 
mol % of its dtcarboxyiic acid constituents is aromatic dicarboxylic acid. 

6. A resin composition as set forth in Claim 4 wherein the saturated polyester is an aromatic polyester 
and/or pofyalkylene terephthaiate. 

7. A resin composition as set forth in Claim 4 wherein the saturated polyester is an afkylene 
30 terephthaiate polymer having 2 or 4 carbon atoms. 

8. A resin composition as set forth in Claim 4 wherein the saturated polyester is a tetramethyiene < 
terephthaiate having 4 carbon atoms. 

9. A resin composition as set forth in Claim 1 wherein R in the formula (A) represents a compound 
expressed by the following general formula (B) or (C): 



R : -C-R i-C- ( B ) 

n II 

0 Q 

R:-C-NH-R a -NHC- (O 

II II 
0 0" 

(in which Ri, R 2 , each represents an organic radical.) 

10. A resin composition as set forth in Claim 9 wherein Rt or R 2 in the formula (B) or (C), as the case 
may be, is an organic radical containing at least one aromatic ring. 
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